The cost-to-benefit ratio of group-living is thought to vary with group size: 24 individuals in "optimal" groups should have higher fitness than individuals in groups that 25 are too large or small. However, the relationship between group size and individual 26 fitness has been difficult to establish, a gap we address here in the gelada. We 27 demonstrate group size effects on the production of surviving offspring and on female 28 mortality rates, which are largely explained by group-size variation in infanticide risk and 29 foraging competition. We also identify a mechanism by which females may alter group Variability in group size within species reflects a delicate balance of the costs and 41 benefits of group living. For example, in large groups the costs of group-living (e.g., 42 foraging competition: 1-3) may begin to outweigh the benefits (e.g., decreased 43 predation risk : 1, 4, 5), to the detriment of individual group members. Individuals in 44 "optimal" groups, by contrast, should have the highest lifetime reproductive success 45 (i.e., fitness: 6) compared to others in the population (7 We analyzed 9 years of data from 33 units that varied in size (Fig. 1) , often month-to-68 month. To address female fitness, we used two independent measures: (a) 69 Reproductive performance: A monthly binary score, where "successful" females (those 70 that produced an infant that survived to 18 months of age, the mean age at weaning for . Each circle indicates the summed reproductive performance for a female over a 6-month period (n = 1677 observations from n = 185 females; binning was done for visualization purposes). Black diamonds indicate the mean for each unit size, and error bars indicate the standard deviation around the mean; (B) Total productive months divided by total months observed for all females by unit size category. The dotted horizontal line = 0.53 (the population mean); (C) Female death rates (deaths per female-year observed) by unit size (n = 32 distinct units; each point represents a unit-size-year where at least one death occurred, i.e., for each year, we summed the number of deaths for each unit at a specific unit size and controlled for the total female-years observed at that size, n = 55 unit-size-years). Unit-size-years where no deaths occurred (n = 250 unit-size-years) are represented as tick marks along the x-axis. Black diamonds indicate the mean death rates for each unit size, and error bars indicate the standard deviation around the mean; (D) Female death rates by unit size category. The dotted horizontal line = 0.08 (the population mean). Unit size categories were used for visualization purposes only (see Supplementary Methods).
Fig. 1. Changes in unit size over time.
Founding units (where observation started in 2006) are coded by letters and arranged along the top axis according to initial size category (which is also indicated by the size and color of the node). Size categories reflect the observed range in variation in unit size during the study period (small = 1-4, in dark red; mid-sized = 5-7, in orange; large = 8+, in yellow), and were used for visualization purposes only. Fissions and fusions are indicated by diagonal lines.
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For our analyses, we defined unit size as the number of adult females in a unit (which is 81 also highly correlated with the total number of individuals in a unit, Fig. S1 ). Although 82 units in this population can range in size from 1-13 adult females, females in units in the 83 middle of this range (i.e., between 5-7 adult females, hereafter "mid-sized" units) 84 demonstrated the highest fitness. First, females in mid-sized units had the highest 85 reproductive performance (maximum females 2 estimate = -11.22 +/-3. 30 SE, 6.7 x 10 -4 , Fig. 2A 
Fig. 2. Females in mid-sized units had the highest fitness. (A)
Residual productive months (controlling for age) by unit size (number of adult females). Each circle indicates the summed reproductive performance for a female over a 6-month period (n = 1677 observations from n = 185 females; binning was done for visualization purposes). Black diamonds indicate the mean for each unit size, and error bars indicate the standard deviation around the mean; (B) Total productive months divided by total months observed for all females by unit size category. The dotted horizontal line = 0.53 (the population mean); (C) Female death rates (deaths per female-year observed) by unit size (n = 32 distinct units; each point represents a unit-size-year where at least one death occurred, i.e., for each year, we summed the number of deaths for each unit at a specific unit size and controlled for the total female-years observed at that size, n = 55 unit-size-years). Unit-size-years where no deaths occurred (n = 250 unit-size-years) are represented as tick marks along the x-axis. Black diamonds indicate the mean death rates for each unit size, and error bars indicate the standard deviation around the mean; (D) Female death rates by unit size category. The dotted horizontal line = 0.08 (the population mean). Unit size categories were used for visualization purposes only (see Supplementary Methods).
infanticides, the leading cause of infant death (12.3% of all infants born during this study experienced the lowest infanticide rates (rates were identical for both small and large 117 units at 0.14 infanticides / birth; compared to 0.08 infanticides / birth for mid-sized units). The infanticide rates (number of infanticides per infants born for each unit-size-year) for each unit size category in a given year. Unit-size-years where no infants were born were excluded from the figure (n = 32 unit-size-years out of 97 total). The dotted horizontal line indicates the overall mean infanticide rate (0.01 infanticides per birth); (C) Feeding rates for each focal female for each month observed (n = 4,350 female-months). Rates were calculated by dividing the total minutes observed feeding by the focal hours observed; (D) Adult female glucocorticoid metabolites (ng/g) by unit size category (n = 3835 samples). 
MATERIALS AND METHODS

361
Text S1. Study site and subjects
The data for this study derive from 9 years of observation (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) infant motor skills, presence/absence of the umbilical cord; for more details, see 9).
425
From these birth dates we were able to calculate conception dates based on the mean 426 gestation length (n = 183 days; for more details, see: 12).
427
We used a binary scoring system to assign female reproductive performance.
428
Females were "successful" when their infant survived to 1.5 years of age, which is the To account for the potential effect of pseudoreplication in our approach we also 451 binned our success variable across two different time periods (3 months and 6 months) 452 and constructed two new binomial GLMMs. For each of these models, the outcome variable was the number of successful months for each female over the given period out 454 of the number of unsuccessful months over the given period. We included individual 455 identity and the time period (i.e., the specific 3-or 6-month window) as random effects.
456
The results of this binning approach (summarized in We recorded the dates of all observed male takeovers (n = 72) of known Next, we considered whether infanticide rates varied by unit size. We first 497 calculated the number of infant births for each unit-year and the size of the unit at the 498 time of each birth (total N births = 269). Out of these births, we also calculated the number of infants that subsequently died due to infanticide before reaching 1.5 years of 500 age, i.e., the mean age at weaning in this population (12; total N infanticides = 33). For 501 each year in our analysis, we summed the total time (in female-years) we observed 502 each unit at a specific size and matched the time observed at a given size with the 503 number of births and the subsequent number of infanticides observed that year at that 504 unit size. We constructed a binomial GLMM using the lme4 package. Table S7 ) and (ii) the 539 unit size category, maximum number of males, maximum temperature 2 , maximum 540 female age, and reproductive state (see Table S8 ). Tables S10-S12). 
